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(54) RESIST COMPOSITION AND FINE PATTERN FORMING METHOD USING SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce the size of an opening formed in a photoresist pattern 
to the desired size only through one thermal flow step and to easily control the flow rate in the 
flow step while minimizing the deformation of the vertical profile of the photoresist pattern. 
SOLUTION: A resist solution used for forming a photoresist pattern by a photolithography 
process is mixed with a crosslinking agent capable of causing a partial crosslinking reaction of 
the resist solution by heat treatment at the glass transition temperature or softening start 
temperature of the resist solution or above to obtain the objective resist composition. The 
resist solution comprises a novolak resin and a DNQ compound. 
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crisis* vmm<oi5^*m&&&tircitmmffi&m 

Q(diazonaphthoquinone)^ft-a-^JJ: t» &3 C t%<ftffl.£ 10 
[fi^Jl 3 ] MIB Uv'X h fg&fiPAG (Photo Acid Gen 

R-(-0CH=CH 2 )x 

x«2~4T*iiiiR;*n-3&&T\ RfiCi— 

ft7j<^s rcimmw-2&?mtf 500-5000 co^-y 20 
tztfv^-<Dmm*mmt lx 1 -2 om%<d«t-# 

— fvk h V /f-n-;V/D;^ h y tTx;l/i— r;l/$ 

m&m. 8 ] *i5ie i s>*/mj»aijH:t&E i^x h 
^tc#$nfc^uv-«a«^siptLTi~i sit 

[M£3! 9 ] AftG g & ? ^*/l/M&WW*±iMWt7' ~> 

-oT-fesc fc^gjt-rsti^gtcfeacou^x h 

rmagi 1] MEus>xhffliawttjifleus>xh» 
js«oaa*a«(ii:LTo.o i~2 .oas%©*«ffis so 
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ci^Sta^-T-SWdtHl l£f2«t9L^>*xbigj£m> 

fflteumu±.<ou&.T-<Dm$m\c <t 1 xmi u^x h m 

m%.tc7* b l^X bJVz-y*&i£-?z$g<vg£, 

m?.7* b i^x Y'^—y^mzwT. hmmoix? 
vcticzix. Miem 1 ipa«fc *) 'bz urn 2 iUfc^MtB 

[f»#gU 4] HufS^Sfi, huIBU'v ? X 

[is^« 1 5 ] mmmmmtt 130-170 tcoss 

T'3 0»7iM3»Mtf3Cfc*«pafc-rsi!*ai 4tc 

[§s^« i6] tute \sV7. bmmnsx? v ?®mt 

DNQ(diazonaphthoquinone)l^{t-a- ! fe<fc K> C tZftWi 

immm 1 7 ] misu^x h^ffiait^iiii^ix^x 

h^?ST'fe5ci;^ai:-r«i«^l 3tcfa*oa«B 
[«18] lWrtE3B«#Jt43»j©S-e5«*ti*«IJtO 

R-(-0CH=CH 2 )x 

fbTk^s fe«aa¥*^?«** 50o~5ooo y 

C»fSl9] H(JIB5l§aSU«ButBU^Xh^(i:-g-* 
nfc^'J T-£Dfifl«:Sipi: LT 1—2 0M%<E>BT- 



x— r;K t- , J^fo-;|/7n;<> h y fcT-;l/;c— r;l/ 
-7^T-&3Ci:*W®i:-r3SS3£Jl l 8 Kiett<0?8lffl 

tm&m 2 1 ] Hute5s?*s?fij{i g 3?*/i/Mteg!i-?& 
hSflStc^snfc^u v-ciaa^s^i: lt 1 ~ 1 5 

(•Y V 7*- n - h y ;]/) «fc 0 & 3 pfr £ ^ $ ft 5 Htlfr 

mm 2 5 ] mifeb->*x h«sj^«MfBi^x h?g 

j$£>«S%£*Pi: LTO .0 1 ~2 . 0 SS*<Z>*i»!g« 
im&m 2 6 ] ituf2W$Sigg«;N ,N ' - V s * U 

[0 0 0 1] 

i^x b^z— y<Dmc&z>yu— %m^TV w?y 
* &ffi<D$L&mR%:MM -r & mm> * * - >*«ric*r & to 40 

->*j«arttfc:BM-*o 

[0 0 0 2] 

^> u 3 >^ N mmm. * a* «M±tc 7 * h i^x h 
[0003] 4MW**?o»*aft*c!!eoTj:o/h*a 50 
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CD(Critical Dimension) (Dt*?^ >/)/— Sl/tfBffl <£tU 

>; v ^ 7 >r xgsj * 0 /j%s 4»p^ x**-r * 3 > 

[0 0 0 4] attOUV^7 7^Sffi«^T«RB3> 
7tig(exposure tooD^ffl^^rffiCDE-fcT— AU V ^ 

» ^X * BW^ atBfttf»««jc fetj £ EBIWS oTJSH 
ftk: 1 5 0nm^n^1MX^#^£3>^ h*— 

**-rsci:tt**fc:|tLt> 0 
[0 0 0 5] «/hE»*te»-rsR*fc:ffii;-5^«>fc. 

C £tC£oT:7* h L^X h^^->O^P^X^fc 

^>nrcUi/X h/^^ — >CDCD (critical dimension) 

[0 0 0 6] LfrU ±IEO^TJ£tCcfcSU^Xh^n— 
^^h9IB7* hU^X h/^^ — XD±%$T*<Dl'z/X bfiit 

«ptc, Ix^Xh/^^ — >«0J»W7P— tc<fcoTIB$ 
*CD*M 0 0nmW±O«*, tCIBL^^X MKOttift7 

;^^*nr*pjSi*ffi»Txxu v^(sweiiing)ig 

*tf/^SnS5p!>^>^D ^ r-T;l/ (bowing profile) 

tey*blsiSXb'**—><Dffi&%mffiLM^<DT\ 
Z - ><D -f n ^ r ^ A,*/*-?-* McVm L ft^ 5 CD^Sr 

[0007] «/>!B»«*»«fc«>os&fc:flSo«*a> 

S^^bT, K^— ^(hard bake) ^tfDUV (deep- U 

V) mft&m ^ ^ T U ->'X h <7) SBI^r$iJ®-r ^ c <h tC J; o T 

mmm^m 5 . 0 9 6 , 8 0 2 ^) c la* u c os^tc 
cfcn«. 70- ^nfcu^xh^^— ^c^^nsra 
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fk7k**fttt««¥i&»?«3B« 500-5000 (D*V 

£ns 0 ssl<«\ tmrnmnnt k 4-^>>?^ 
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x;i/x— rvk h U ^fP-;l/yp/^> h y i£x;l/x— 
7Vl/£/ctel. 4-->^o^-9->^^y— /l/^kTx 40 

5S«%toar*#sn^ 0 mm&^isx;imf&mir& 

tt, Suta £ S 5 7l/BB5fiSiJtt^ > W ;W 

px h y <fc r> &s o tufei^^x hfij«»ttTO|2Us; so 
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b^ttrJie^^- h l^X h/^^— ^|^tc<fc^^n— X 
S^SufS^^- h Ui^X Y^^ — y<DSW^u7T^)V<D 
S9B*«/Mk 6 7 u -iSft*S»fc#J W-p* So 
fifoT. 7t h U^X h/^-V^C J:oT7n-$ 
fc» fc fflis ^ p 7 t ^ >V<D^&tfm'bit ?nt7D 

^o«ftis»**0i6S^fc^a-»j--rxoBiip»^j« 

[0 0 13] 

»W©a*LV^«*JBk:»LTWIB»c:WBIi-r* 0 ^cfc 
^5^5^^pJit$^o i 1 (A)7iSHl (D) 



s» mi (a) zmm?ni£. ¥m&w& 1 o±tcms 

^*6^K, MM&^fr&SJgaTfeJg/gT'^So C 

[00 l 4] Jj&vp, mi%(Dy* bVW?y~f xmic 
&r>T7* b UfX h>**->*&lti1rZ<Dlcm^C>tl 10 

»waag«s««3i*iBc-a-*3i!«wij*<jg**nfc us* 

S?X hMiil3 0*Bf$.-?% o 
[0 0 15] COUS^XMBfig*»3 0«l(|j«-r*WE 
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SUS^X r-rgjfctf&feti? S„ 
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So 8EoT« U^Xh^fcJgffiaijOjg^c^oT^e. 30 
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So 
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It 1 , 4-S'*n'V**J->'S?*#y — )WJ\*—)],3L— 7-)]/ 

»*KB^LTttSeuS>X hfflfig^iBi-rSJit&fC 
fct. fufES£tg#J«mffBUS?X hgtiftc^Sftfctfy 7— 
©M£S»g£ LT 1—2 0M%O«T-#g:-lt-So 
[0 0 18] «JCU^Xh«UR»lc^$n5*flfiOSB* 
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iS*V\<ffl!&mt US?X h««[«iS$LTt08BU^X hffl 

tens i * ^ M%%imitrm u 
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£iWfB*tS^Slc<fcoTg?ft-SrcS]5#fflt^S U K-y 

ib u->*x he^ifetcmisftw&ai^sAa-r s c t k * o 

T s&i 3 S * 5 ;l/r^giJ<DSJStt^iiliiT'# S5Sj*^ 
SSo *fgWT*tefflpr^£l«nB*«lSSi: LTB, N.N' 
-WW-'JX N.N'-i^X^l/T^y hijif 

bOx.*/-;VT 5>ftif«»** 0 M3B««HSIS» 
tulBU-^Xh?if^c7)a«^SiPi:L.T0.0 1 — 2. OS 
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[0 0 2 0] H 1 (B) Z»m-rtll£. fllBU-^X hffi 

V7h^-+y^II, »3tr8, PEB(post -exposure 
bake) X^Sa^ftie^tTo T, H&tB«ftSlJ)S 2 0 (39 

±®^d 1 (omisifnmzitsw&oimnm 1 

n/c7* h bS?X h/^->3 Oa^r^-TSo S5IBV 
7 0Rff9O— 1 5 0 , C®Hrt(r) 

igS^ftTT'6 0 - 1 2 0#RSSfe&6T-#So SijfffiS3tX 

jlii:LTG-^-i'>, DUV, E-tT-A, X^^if 

«rffifflT*#S 0 H5fBPEBX@(i, fi«lx.(f9 0~l SO'C 
®Hrt<DjSft^fFTT?6 0 — 1 2 0#HHfiST*#So M 
fB^PSPH 1 CDISD 1 fiK^OSfttCiS?* h 'J 

[0 0 2 1 ] 0 1 (C) §#Itntl tufB7* h Ui^ 
X h'W->3 Oa^iJIBk^X h»*OiT5X|g«Sa 
SJ:t)'>*< fcfc 1 OtCSf^jSfi, m»l 3 0-17 

o*co«Hrt-«»R«ftsw3eafi-eBf)ei«iiB. m?m 
3 og>— 3^m^a-rs 0 *<o^m, mz7*vui? 

X h/^-^3 Oa^^-rsU^X hrg^7n-L 
tet.'o, ctitmmcmw57* hk>'Xh/^-y3 0 
artT'iJIBUv'X hjgffi©#7X«g&ig£tQ;C!)iSfiT 
Sttft:*ft*a8«aiJfcJ: o TMfB7 n-^tiTV^S \sV 
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mt s ns s s 7 s^i/ga^au^ e» s s 5 *j * 
Mm7*u7T^jMn%z&tfm'Ntztiz 0 ccx\ mm 
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"7 20 
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ffiH2 *^j«$nfeS}g«nfe7* h i^x 

3 obfcj&s-rso &i^t\ ^jBsnfe^* h i^x h 

CCT\ WlHIB/hStlfcBHaaBH2Oi|@D2tt0.0 

5~o . 2 ^mo«Hst?o/j%sa*>rx*^fejBritBrtt 

*tt«*«cjHiBbTV^So 01 (D) ^#Mtntf, M 

>2 Oa^MtSo 
[0 0 2 3] CUiOJ:^^ 

l^X h»ifcfttf*«#J J: 0 l^>*x 

SufBu^xh^^^xs 

ftvisi?xh&m<D7n-m&*mmicmwT*%% 0 
7D-xa«»6nfca«*nrc7* h u^x 
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£*J£ LT0 . 0 6 g<DBP0 (benzoyl peroxide) LT 

(C^oT^x— /N±tC2 8 0nm(l : 2 If y ^)<0BBP* 

■YX*w-r*«a<DH!PS*<»«*nfc7* h u^x h 
»*aB»flnniLfc», mmmcMLT&* 1 5 5 

t\ 16 or. 16 2tMl6 4tOfitT12 0# 

ra^saa-r 5 c t ic & o t hu § 2 7 * h u s^x h / - > 

cfe ^ 7n-^iiL/cMfi(c^^^/c 0 
[0 0 2 6] l«EOck5ftffla»*»6tlfc«»Stlfe 

W«^X?:0.4, 0 . 2SO r OCDD0F(depth of foe 
h/^-^7a-MMLT^I*02lC*t 

ft7P-igiie > n/c»^n/c7t h u^x 

C£*mmLtCo HWHOlS*fr6, 7*h\szS7.b^$ 

*r ^ n > ^ ^ h ; ^n/c7^hk>*xh^ 
[0027] <mmm2>*mm&z>isiS7s bmtim 

ft^ttiSIS^^X h £ LTmi64i<ODUV/E US^X h(DSEP 
R-4 3 0 (ShinEtsu Chemical Co.SiS)*ffifflL, 
^^*;l/BHJ6»Ji: LThmIEU^X hcomBft (solids) <o 
1M1¥^LT^0I1%, 411%, 6fifi%&£f 
8a«%Oii^fl:^>'y^;l/(BP0)^fflbTU> ? X hffl 

x-/N±tC3 2 0nm(l : 2 If -y ^tOfflP^YX^Wr 
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(57) ABSTRACT 

A method for forming a fine pattern in a semiconductor 
substrate, comprises the steps of (a) coating a target layer to 
be etched on a semiconductor substrate with a resist com- 
position comprising at least one compound capable of 
forming a photoresist pattern by a photolithography process, 
and a free radical initiator, wherein the free radical initiator 
is one which is capable of being decomposed by a thermal 
process at a temperature equal to or higher than the glass 
transition temperature of the at least one compound, wherein 
said coating step results in forming a resist compound layer 
comprising the resist composition; (b) performing a lithog- 
raphy process on the resist compound layer to form a 
photoresist pattern of at least one opening having a first 
width, wherein the target layer is exposed through the first 
width; and (c) heating the resist compound layer having the 
photoresist pattern formed therein to a temperature equal to 
or higher than the glass transition temperature of the at least 
one compound, and wherein a partial cross-Unking reaction 
in the resist composition occurs by the free radicals pro- 
duced from the free radical initiator resulting in a modified 
photoresist pattern having at least one opening having a 
second width which exposes the target layer, wherein the 
second width is smaller than the first width. 

25 Claims, 2 Drawing Sheets 
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METHODS FOR FORMING LINE PATTERNS 
IN SEMICONDUCTOR SUBSTRATES 

FIELD OF THE INVENTION 

The invention generally relates to methods for fabricating 
semiconductor substrates and compositions of matter 
employed in such methods. 

BACKGROUND OF THE INVENTION 

In a general process for forming patterns for semiconduc- 
tor memory devices, after a photoresist pattern is formed on 
a predetermined target layer to be etched for forming 
patterns, the target layer is typically etched to a desired 
pattern using the photoresist pattern as an etching mask. 
Examples of target layers include silicon layers, insulating 
layers, or conductive layers. Because of the ever increasing 
integration of semiconductor devices, it is important to 
develop lithography technology to form contact holes in the 
semiconductor devices having smaller opening sizes or finer 
patterns having narrower spaces. Stated differently, it is 
believed important to develop design criteria for smaller 
critical dimensions (CD) in the devices. 

A photolithography technique employed for forming fine 
contact holes uses E-beam lithography with an exposure tool 
of shorter wavelength and a method that uses a half-tone 
phase shift mask. In particular, the method employing the 
exposure tool of shorter wavelength is believed to be dis- 
advantageous in that it is material-intensive and thus rela- 
tively expensive to implement. Moreover, a method that 
utilizes the half-tone phase shift mask is believed to possess 
limitations in mask manufacturing technology and resolu- 
tion. Accordingly, it may be difficult to obtain contact holes 
smaller than 150 nm. 

In an attempt to meet the demand for devices with smaller 
feature sizes, efforts have focused on reducing the opening 
size or space by applying heat to a photoresist pattern such 
that the photoresist is able to flow. An example of this 
technique includes coating a resist layer on a wafer patterned 
by a photolithography process and then causing the photo- 
resist pattern to flow by heating the resist layer to a tem- 
perature that is higher than the glass transition temperature 
or the softening temperature of the resist layer to reduce the 
CD of the resultant resist pattern. 

Notwithstanding any possible advantages, the above pro- 
cedure is potentially disadvantageous in that the flow rates 
in the upper and middle parts of the photoresist pattern are 
often different. This difference is believed to result in the 
photoresist pattern having a bowed profile. The bowed 
profile is believed to be caused by a swelling phenomenon 
occurring in the middle part of the photoresist pattern. Due 
to the difficulty in controlling the flow rate of the photoresist 
pattern by employing conventional resist flow technology, it 
is often extremely difficult to reduce the CD of the photo- 
resist pattern while maintaining a vertical pattern profile. 

U.S. Pat. No. 5,096,802 proposes a photolithographic 
process for producing a component with reduced feature 
sizes. The '802 patent proposes controlling the flow rate of 
a resist through hard baking and deep-UV (DUV) exposure, 
resulting in the reduced feature sizes. Potential problems 
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may be associated with the '802 patent. For example, the 
side walls of openings formed in the flowed resist are 
typically tapered. Accordingly, a target layer underneath the 
resist pattern is result an tly etched along the tapered side 

5 walls during subsequent dry etching. Thus, the upper and 
lower parts of the openings may have different critical 
dimensions. In general, the degree of tapering at the side 
walls of the opening tends to vary among the openings, 
thereby undesirably causing different critical dimensions to 

10 a plurality of holes formed in the target layer over the entire 
wafer surface. As such, it is typically difficult to obtain a 
good sidewall profile in a flowed photoresist pattern employ- 
ing conventional technology. 

15 SUMMARY OF THE INVENTION 

It is an object of the present invention to provide methods 
for forming fine patterns through thermal flowing of pho- 
toresist patterns, in which distortion of the profile at the side 

2Q walls of openings or spaces is minimized, leading to a 
further reduction in smaller feature size. 

It is another object of the present invention to provide 
compositions suitable for forming fine patterns which go 
beyond the wavelength limit in a photolithography technol- 

25 ogy. 

In one aspect, the invention provides methods for forming 
fine patterns in semiconductor substrates. The method first 
comprises coating a target layer to be etched on a semicon- 

3Q ductor substrate with resist compositions. The resist com- 
positions comprise compounds capable of forming a pho- 
toresist pattern by a photolithography process, and 
crosslinking agents. The crosslinking agents are those which 
are capable of causing partial crosslinking reactions at 

35 temperatures equal to or higher than the glass transition 
temperatures or the softening temperatures of the com- 
pounds. The coating steps result in forming resist compound 
layers comprising the compounds. Thereafter, lithography 
processes are performed on the resist compound layers to 
form photoresist patterns of at least one opening having a 
first width, wherein the target layer is exposed through the 
first width. Next, the resist compound layers having the 
photoresist patterns formed therein are heated to tempera- 

45 hires equal to or higher than the glass transition temperatures 
or the softening temperatures of the compounds, and partial 
cross-linking reactions in the resist compositions occur. 
Modified photoresist patterns result having at least one 
opening having a second width which exposes the target 

50 layer, wherein the second width is smaller than the first 
width. The methods of the invention are believed to be 
desirable in that the flow rates of the photoresist patterns 
may be controlled. Moreover, the methods are potentially 

55 simpler relative to conventional methods. 

In another aspect, the invention provides resist composi- 
tions. The resist compositions comprise compounds capable 
of forming photoresist patterns by photolithography 
processes, and crosslinking agents. The crosslinking agents 

60 are capable of causing partial cross-linking reactions in the 
resist compositions to form resist compounds at tempera- 
tures equal to or higher than the glass transition temperatures 
or the softening temperatures of the compounds. The 

65 crosslinking agents are advantageous in that they may be 
employed with a number of compounds without adversely 
affecting the performance of the resist compositions. 
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In addition to the above, the invention is potentially than the first width. Preferably, a plurality of openings 

advantageous in that the distortion of the profile at the side having the second width are formed, 

walls of contact holes is minimized, thus allowing for the In a preferred embodiment, the heating of the resist 

formation of vertical side wall profiles. In addition, fine compound layers to temperatures equal to or higher than the 

openings which go beyond the wavelength limits in general 5 glass transition temperatures or the softening temperatures 

photolithography technologies can be formed in the photo- of the compounds causes the resist compound layers to flow 

resist patterns. partial cross-linking reactions occurring and the for- 
mation of at least one opening of a second width resulting. 

BRIEF DESCRIPTION OF THE DRAWINGS In various preferred embodiments, the steps of heating the 

a i_ , „ , . .„ . .. resist compound layers comprises heating the resist com- 

FIGS. 1A through ID are sectional views illustratmg the ^ fa ^ photoresist pattems formed lherein 

sequence of steps in a method for forming a fine pattern iQ fifst temperatures which are equal to or y gher than the 

according to a preferred embodiment of the present inven- glass Uansition tem peratures or the softening temperatures 

tion; and 15 Q f me res ist compositions. Thereafter, the resist compound 

FIG. 2 is a graph illustrating the amount of flow of layers having the photoresist patterns formed therein are 

photoresist pattern with respect to the temperature of a cooled to room temperature. The resist compound layers 

thermal process, to evaluate the dependency on temperature having the photoresist patterns formed therein are then 

of the resist compound according to the present invention. heated to second temperatures which are higher than the first 

20 temperatures. 

DETAILED DESCRIPTION OF THE r n various preferred embodiments, the methods of the 

PREFERRED EMBODIMENTS invention may further comprise cooling the resist compound 

The present invention now will describe more fully here- la y ers havin g the Photoresist patterns formed therein; and 

inafter with reference to the accompanying drawings and 25 heaUn 8 * e resist compound layers havmg the photoresist 

examples, in which preferred embodiments of the invention ***** f ° rme ? ther , ein » temperatures equal to or higher 

' . . . , , . than the glass transition temperatures or the so ftening tem- 

are shown. This invention may, however, be embodied in r . , T . « , 7 

c , , /* . , . . peratures of the compounds. In these embodiments, the 

many different forms and should not be construed as limited * ^ fa occur subsequent to the step of 

to the embodiments set forth herein. Rather, these embodi- heating ^ resist compaimd layers having the phot oresist 

ments are provided so that this disclosure will be thorough m formed thefein tQ temperatures . 

and complete, and will fully convey the scope of the in certain preferred embodiments, the step of heating the 

invention to those skilled in the art. In the drawings, the fesist compound layers having me photoresist patterns 

thickness of layers and regions are exaggerated for clarity. formed therein to tem peratures equal to or higher than the 

Like numbers refer to like elements throughout. It will also 35 glass transition temperatures or softening temperatures of 

be understood that when a layer is referred to as being "on" me compounds comprise heating the resist compound layers 

another layer or substrate, it can be directly on the other to temperatures that exceed the glass transition temperatures 

layer or substrate, or intervening layers may also be present. G r softening temperatures by about 5° C. to about 20° C. 

In one aspect, the invention relates to methods for forming In various preferred embodiments, the step of heating the 

fine patterns in semiconductor substrates. The method first 40 resist compound layers having the photoresist patterns 

comprises coating target layers to be etched on semicon- formed therein to temperatures equal to or higher than the 

ductor substrates with resist compositions (e.g., solutions). glass transition temperatures or softening temperatures is 

The resist compositions comprise compounds capable of carried out from about 60 to about 180 seconds, 

forming photoresist patterns by photolithography processes 45 The methods of the invention may also comprise forming 

and crosslinking agents. The crosslinking agents are those target layers to be etched on semiconductor substrates, 

which are capable of causing partial crosslinking reactions In another aspect, the invention provides resist composi- 

in the resist compositions at temperatures equal to or higher tions. The resist compositions comprise compounds capable 

than the glass transition temperatures or the softening tern- of forming photoresist patterns by photolithography 

peratures of the compounds. The compositions are described 50 processes, and crosslinking agents capable of causing partial 

in greater detail herein. crosslinking reactions in the compounds at temperatures 

The coating steps result in forming resist compound e Q ual to of higher than the glass transition temperatures or 

layers comprising the resist compositions. Thereafter, the softening temperatures of the at least one compounds to 

lithography processes are performed on the resist compound 55 ^ orm TGS ^ compounds. 

layers to form photoresist patterns of at least one opening Various components may be employed as compounds 

having a first width, wherein the target layer is exposed capable of forming photoresist patterns by photolithography 

through the first width. Preferably, a plurality of openings processes. As an example, the resist compositions may 

are formed having the first width. Next, the resist compound comprise compounds selected from the groups consisting of 

layers having the photoresist patterns formed therein are 60 Novolak resins, diazonaphthoquinone (DNQ) compounds, 

heated to temperatures equal to or higher than the glass and mixtures thereof. Most preferably, the compounds that 

transition temperatures or the softening temperatures of the are employed are Novolak resins and diazonaphthoquinone 

compounds wherein partial crosslinking reactions in the compounds in combination. 

resist compositions occur. Modified photoresist patterns 55 In certain embodiments, the resist compositions may be 

result having at least one opening of a second width which present in the form of chemically amplified resist composi- 

exposes the target layer, wherein the second width is smaller tions comprising photo acid generators (PAG). 
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A number of crosslinking agents may be used in the in the target layer 20, the target layer 20 is preferably formed 
present invention. In one embodiment, the crosslinking as an insulation layer made of an oxide, 
agent is a vinylether derivative. An example of a vinylether Then, a resist composition comprising at least one corn- 
derivative is represented by the formula: pound used in a general photolithography process and a 
_ . ~~„_™ % 5 crosslinking agent that is capable of causing a partial 

crosslinking reaction in the at least one compound by a 

wherein x is an integer ranging from 2 to 4; and R is a C x thermal process higher than the glass transition temperature 

to hydrocarbon or an oligomer havinga weight average Qr ^ tem perature (hereinafter the glass transition 

molecular weight ranging from about 500 to about 5000. , ~ . , r - 
0 i r • 1 *u .u . i i^io temperature or the softening temperature shall be referred to 

Specific examples of vinyl ethers that can be employed as JU \ . . „ e 

crosslinking agents include, but are not limited to, 1,4- as the transition temperature for convenience of 

butandiol divinyl ether, tri(ethyleneglycol)divinyl ether, tri- description), is coated on the target layer 20, resulting in a 

methyolpropane trivinyl ether, 1,4-cyclohexanedimethanol resist compound layer 30. 

divinyl ether, and mixtures thereof. The resist composition of the resist compound layer 30 

In other embodiments, the crosslinking agents may be in 15 may by any resist composition for G-line, i-line, deep-UV, 

the form of free radical initiators. In general, the free radical ArF, E-beams or X-rays. Also, the resist composition may 

initiators are preferably selected from those that are capable have a positive or negative polarity. 

of being decomposed at temperatures equal to or greater In a preferred embodiment, the resist composition may 
than the glass transition temperatures or the softening tem- 20 comprise a Novolak resin and a DNQ compound. The resist 
peratures of the at least one compounds. Thus, free radicals composition may be in the form of a general chemically 
are produced which effect the partial crosslinking reactions. amplified resist composition containing a photo acid gen- 
Exemplary free radical initiators may include, but not be erator (PAG). 

limited to, acyl peroxides, alkyl peroxides, peresters, The crosslinking agent of the resist compound layer 30 

hydroperoxides, and azo compounds. In another 25 may be added for easier control of the flow rate of the resist 

embodiment, the free radical initiators are selected from the composition in a photoresist pattern during thermal flowing 

group consisting of benzoyl peroxide, dicumyl peroxide, of the photoresist pattern. 

di-tert-butyl peroxide, cumyl hydroperoxide, and azobis The crosslinking agent preferably should be selected so as 

(isobutyronitrile). Other free radical' initiators may be 3Q to not affect the performance of the resist composition, 

employed if so desired. which may occur during a general photolithography process. 

Various amounts of the crosslinking agent may be Also, it may be important to select an appropriate crosslink- 
employed. Preferably, the crosslinking agent is present in an ing agent in consideration of sensitivity, transmittance or 
amount from about 1 to about 20 percent based on the shelf life of the resist compound that is eventually formed by 
weight of polymer present in said at least one compound. 35 mixing the crosslinking agent with the at least one corn- 
More preferably, the resist compositions comprise from pound. 

about 1 to about 15 percent by weight of the free radical In embodiments wherein a free radical initiator is used as 

initiators based on the weight of the solids in the resist the crosslinking agent, an organic base can be further added 

compositions. Most preferably, the resist compositions com- to the resist composition which may result in a redox 

prise from about 3 to about 15 percent by weight of the free initiation system in order to potentially facilitate the forma- 

radical initiators based on the weight of the solids in the tion of free radicals by the free radical initiator. Such a 

resist compositions. system is believed to encompass an oxidation-reduction 

The resist compositions may comprise various other reaction between the free radical initiator and the organic 

materials. In one embodiment, the resist compositions com- 45 base in the resist composition. Thus, the reactivity of the free 

prise organic bases. The organic bases may be present in radical initiator can be potentially controlled by adding the 

various amounts. Preferably, the organic bases are present in organic base to the resist composition. Examples of organic 

amounts of from about 0.01 to about 2.0 percent by weight bases which can be used in the present invention, include, 

based on the resist compositions. Examples of organic bases but are not limited to, N,N'-dimethylaniline, N,N'- 

that may be employed include, but are not limited to, 50 diethylaniline, triethylamine, triisobutylamine, 

NjN'-dimethylaniline, NjN'-diethylaniline, triethylamine, diethanolamine, and triethanol amine. The organic base is 

triisobutylamine, diethanolamine, and triethanolamine. preferably present in an amount ranging from 0.01 to 2.0 

The invention will now be described further with refer- percent by weight based on the weight of the at least one 

ence to the drawings. It should be appreciated that the 55 compound capable of forming a photoresist pattern by a 

embodiments referred to in the drawings are for illustrative photo lithography process. 

purposes only, and are not to be construed as limiting the Referring to FIG. IB, soft baking, exposure, post- 
invention, exposure baking (PEB) and development are carried out on 
FIG. 1A refers to a method for forming a fine pattern the resist compound layer 30 according to a general photo- 
according to a preferred embodiment of the present inven- 60 lithography process. A photoresist pattern 30a results having 
tion. As shown, a target layer 20 is formed on a semicon- a plurality of openings HI present therein each exposing the 
ductor substrate 10 and is etched to form a pattern having, target layer 30 through a width Dl. The width Dl of one 
for example, contact holes. The target layer 20 may be in the opening HI has a size which can be obtained within the 
form of various layers, such as, for example, an insulation 65 capability of conventional photolithography technology lim- 
layer including a silicon layer, an oxide layer or a nitride ited by the wavelength, and is typically larger than that of a 
layer, and a conductive layer. In order to form contact holes fine pattern intended by the present invention. 
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The soft baking process may be performed under various temperature can be increased gradually in each step. It is 

conditions. For example, the soft baking process may be preferable, however, that the temperature be cooled to room 

employed at from about 90° C. to about 150° C. for about temperature after each heating step. 

60 to about 120 seconds. Moreover, during the exposure Referring to FIG. ID, the target layer 20 exposed through 
process G-line, I -line, DUV, E-beams, or X-rays, may be 5 the reduced openings H2 is dry etched using the modified 
used as an exposure tool, depending on the type of photo- photoresist pattern 306 as an etching mask. Pattern 20a 
resist solution employed. As an example, the PEB process having contact holes H3 exposing the semiconductor sub- 
may be performed at a temperature of from about 90° C. to strate 10 is thus formed. 

about 150° C. for about 60 to about 120 seconds. 10 The invention is believed to be advantageous. As 

Referring to FIG. 1C, the photoresist pattern 30a is heated described above, the methods of the invention allow for 

at a temperature which is preferably at least 10° C. higher forming photoresist patterns using the resist composition 

than the transition temperature of the at least one compound described herein. By heating the temperature of the resist 

capable of forming a photoresist pattern, such as, for composition to a temperature higher than the transition 

example, from about 120° C. or 130° C. to about 170° C. 15 temperature of the resist composition, a crosslinking reac- 

Preferably, the heating step is carried out for a duration of tion is effected simultaneously with the flow of the resist 

from about 30 or 60 seconds to about 180 seconds, although composition (which is activated by virtue of being exposed 

other times may be employed. As a result of the heating, the to the transition temperature) and the flow rate of the resist 

resist composition of the photoresist pattern 30a starts to 20 composition in the photoresist pattern can be more easily 

flow and simultaneously a crosslinking reaction partially controlled. When openings in the photoresist pattern become 

occurs in the flowing resist composition due to the crosslink- sufficiently small because of a thermal flow process, distor- 

ing agent that is activated at a temperature higher than the tion of the side walls of the resultant contact holes may be 

transition temperature. In the embodiment that employs free minimized. Thus, a vertical side wall profile may result 

radical initiators as the crosslinking agents, free radicals are 25 which is highly desirable. 

produced in the photoresist pattern 30a from the free radical As emphasized herein, the present invention is not limited 

initiators which are activated at a temperature higher than to the embodiments described herein. As an example, the 

the transition temperature. Because of the presence of the invention may be applied to the formation of line end space 

free radicals, a partial cross-linking reaction occurs in the 3Q patterns, in addition to the formation of fine patterns having 

flowing resist composition. small feature sizes of from about 0.05 to about 0,2 {an which 

While the photoresist pattern 30a is heated to a tempera- goes beyond the wavelength limit in the conventional pho- 

ture higher than the transition temperature, a partial cross- tolithography. 

linking reaction and the thermal flow of the resist compo- The examples are set forth to illustrate the invention and 

sition are believed to simultaneously occur such that the 35 are not meant as a limitation thereon, 
overall flow rate of the photoresist pattern 30a can be more 

easily controlled. Thus, distortion of the profile of the EXAMPLE 1 

photoresist pattern 30a at the side walls may be minimized. -j^ dependency of the resist composition containing at 

The species and amount of the crosslinking agent to be ^ least one compound capable of forming a photoresist pattern 

added, and the heating temperature and heating duration and a free radical initiator on temperature was evaluated as 

may be determined by one skilled in the art in order to follows. 

potentially adjust the degree of cross-linldng reaction such R ' 1Q of SEpRA30 (manufactured by S hinEtsu 

as by, for example, free radicals. Stated differently, the ~ f ^ , ' x . ♦ n i-« J • * j 

** ,f , . . . . ' * Co. of Tokyo, Japan) as a chemically amplified resist and 

degree of crosslinking in the resist composition can be 45 ~ ~, c , . /nnA , r _ 

. . . . * , t . , 0.06 g of benzoyl peroxide (BPO) as a free radical initiator 

adjusted to a desired level by appropriately selecting the . , A ' . .V . . ^ , , 

. „ , _ . . . r , were mixed to obtain a resist composition. Then, a photo- 

species of the crosslinking agent, and by appropriately ^ m fa a Qf Qf a ^ of ^ 

selecting the heating temperature and the heating duration. /4 . . t , . / . c *u 

& . . & . , , . nm (1:2 pitch) was formed on a wafer using the resist 

As a result of heating the photoresist pattern 30a to a \ , , , 

. . , . . . . - . 50 compound by a general method, 
temperature higher than the transition temperature of the at 

least one compound for a predetermined duration, a modi- A P luralit y of samples, i.e., wafers each having the 

fied photoresist pattern 30*, having a plurality of reduced Photoresist pattern, were prepared and heated to 155° C, 

openings H2, each of which exposes the target layer 20 and 160 ° C " 162 ° C and 164 ° c - respectively, for 120 seconds 

has a desired width D2 smaller than the width Dl, is formed 55 to induce thermal flow of the P hotoresist P attem - ^ 

as shown in FIG 1C samples were then cooled at room temperature. 

The resultant structure having the modified photoresist The opening size of each contact hole formed in each 

pattern 306 is then cooled to room temperature. The width resultant modified photoresist pattern was measured under 

D2 of the reduced opening H2 can be as small as about 0.05 °- 4 > 0 2 and 0 de P m of focus ( DOF )> and the amount of flow 

to about 0.2 /an which may exceed the wavelength limit of 60 of tne photoresist pattern during the thermal process was 

a general photolithography process. calculated from the results. The results are shown in FIG. 2. 

Heating the structure illustrated in FIG. 1C to a tempera- FIG. 2 shows that when a photoresist pattern formed by 

hire higher than the transition temperature is performed only the method for forming a fine pattern according to the 

once in this embodiment, However, it should be appreciated 65 present invention is caused to flow by application of heat, 

by one skilled in the art that this heating process can be the amount of flow of the photoresist pattern linearly 

repeated many times as required. In this case, the heating increases as the temperature of the thermal process 
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increases. The minimal distortion of the photoresist pattern 
in all the modified photoresist patterns after thermal flow, 
resulting in contact holes each having vertical sidewalls is 
not illustrated in this figure. Also, it can be hypothesized that 
the higher the predetermined temperature of the thermal 
process, the smaller the opening size of the contact holes. 

EXAMPLE 2 

The effect of the content of the free radical initiator used 
as a crosslinking agent in the resist composition according to 
the present invention was evaluated as follows. 

The DUV resist SEPR-430, commercially available from 
ShinEtsu Co. was employed as a chemically amplified resist, 
and 0, 4, 6 or 8 wt % of benzoyl peroxide (BPO) as a free 
radical initiator, were mixed to obtain a resist composition. 
Then, a photoresist pattern having a plurality of openings 
each having an opening size of 320 nm (1:2 pitch) was 
formed on each wafer using the resist composition by 
employing a general method. For the photoresist pattern, 
soft baking was carried out at 100° C. for 90 seconds and 
post-exposure baking (PEB) was performed at 115° C. for 
90 seconds. 

A plurality of samples, that is, wafers each having the 
photoresist pattern, were prepared and heated to 145° C, 
150° C, 155° C, 160° C. and 165° C, respectively, for 120 
seconds to induce thermal flow of the photoresist pattern, 
and then cooled at room temperature. 

The opening size of each contact hole formed in each 
resultant modified photoresist pattern was measured, and the 
amount of flow of the photoresist pattern during the thermal 
process was calculated from the results. Table 1 shows the 
results. 



TABLE 1 





Temperature 












of thermal 










Resist 


process 


ADI 




A Flow 




compound 


(°c.) 


(nm) 


AFI (nm) 


(nm) 


Profile 


Resist + 0 


145 


320 


262 


58 


Tapered 


wt % 


150 


320 


214 


106 


Tapered 


of BPO 


155 


320 


70 


250 


Tapered 




160 


320 


0 

(open failure) 


Overflow 


Distorted 




165 


320 


(open failure) 


Overflow 


Distorted 


Resist + 4 


145 


320 


320 


0 


vertical 


wt % 








(no flow) 




of BPO 


150 


320 


290 


30 


vertical 




155 


320 


260 


60 


vertical 




160 


320 


120 


200 


vertical 




165 


320 


(open failure) 


Overflow 


open 
failure 


Resist + 6 


145 


320 


320 


0 


vertical 


wt % 








(no flow) 




of BPO 


150 


320 


304 


16 


vertical 




155 


320 


286 


34 


vertical 




160 


320 


252 


68 


vertical 




165 


320 


86 


234 


vertical 


Resist + 8 


145 


320 


320 


0 


vertical 


wt % 








(no flow) 
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TABLE 1 -continued 



Temperature 
of thermal 



5 



Resist 
compound 


process 

(° c.) 


ADI 

(nm) 


AFI (nm) 


A Flow 
(nm) 


Profile 


of BPO 


150 


320 


320 


0 


vertical 










(no flow) 






155 


320 


320 


0 


vertical 










(no flow) 






160 


320 


320 


0 


vertical 










(no flow) 






165 


320 


308 


12 


vertical 



15 In Table 1, "ADI" (After Development Inspection) 
describes the size of opening formed in a photoresist pattern 
after development, "AFI" (After Flow Inspection) describes 
the size of openings in the modified photoresist pattern 
obtained through thermal flow, and "A Flow" (the difference 

20 between the ADI and AFI) indicates the amount of flow of 
the photoresist pattern. Also, In the column of "Profile", the 
profile of the contact holes at the side walls, formed in the 
modified photoresist pattern, are described. 

25 

EXAMPLE 3 

Table 2 shows the results of an experiment conducted in 
order to investigate the effect content of the free radical 

30 initiator contained in the resist composition. An i-line resist 
ip3300, commercially available from Tokyo Ohka Kogyo 
Co. of Tokyo, Japan, was employed and 0 wt % and 8 wt % 
of BPO based on the weight of the resist, as a free radical 
initiator, were added to the resist to prepare resist compo- 

35 sitions. 

Then, a photoresist pattern having a plurality of openings 
of the size of 510 nm was formed on wafers using those 
compounds formed by a general method. For the photoresist 
40 pattern, soft baking was carried out at 110° C. for 90 seconds 
and PEB was performed at 110° C. for 90 seconds. 

A plurality of samples, that is, wafers each having the 
photoresist pattern, were prepared and heated to 150° C, 

45 155° C, 157° C. and 159° C, respectively, for 120 seconds 
to lead a thermal flow of the photoresist pattern, and then 
cooled at room temperature. 

The opening size of each contact hole formed in each 
resultant modified photoresist pattern was measured, and the 

50 amount of flow of the photoresist pattern during the thermal 
process was calculated from the results. The results are 
shown in Table 2. 

In Table 2, "ADI", "AFI", "A Flow" and "Profile" have 

55 the same meanings as set forth in Table 1. From the results 
of the Examples 2 and 3, it can be seen that it may be 
possible to control the opening size of the contact holes 
formed in the modified photoresist pattern which is obtained 
through thermal flow using the resist composition according 

60 to the present invention. Also, as the content of the crosslink- 
ing agent (e.g., free radical initiator) in the resist composi- 
tion increases, the amount of flow of the photoresist pattern 
may decrease, and relatively larger contact holes can be 

65 formed. Therefore, by adjusting the content of the crosslink- 
ing agent in the resist composition, contact holes having a 
desired size can be obtained. 
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TABLE 2 

Ttmperature 



Resist 


of thermal 


ADI 


AH 


A Flow 




compound 


process (°C) 


(am) 


(nm) 


(nm) 


Profile 


Resist + 0 


150 


510 


196 


314 


Tapered 


wt % 


155 


510 


10 


500 


Tapered 
Distorted 


of BPO 


157 


510 


0 

(open failure) 


Overflow 




159 


510 


0 

(open failure) 


Overflow 


Distorted 


Resist + 6 


150 


510 


425 


85 


Vertical 


wt % 


155 


510 


262 


248 


Vertical 


of BPO 


157 


510 


190 


320 


Vertical 




159 


510 


124 


386 


Vertical 



Hereinafter, detailed embodiments for forming fine con- 
tact holes in a semiconductor substrate by the method 
according to the present invention will now be described. 

EXAMPLE 4 

0.06 g of BPO was employed as a free radical initiator was 
added to 10 gms of the i-line resist solution ip-3300, 
commercially available from Tokyo Ohka Kogyo Co. The 
mixture was completely dissolved, resulting in a resist 
composition. The mixture was filtered through a 0.2 fim 
membrane filter. The resist composition was coated on a 
silicon wafer treated with hexamethyldisilazane (HMDS) to 
a thickness of about 0.7 /«n. 

Soft baking was carried out on the wafer coated with the 
resist composition at 100° C. for 90 seconds, the resultant 
structure was exposed using an i-line stepper having a 
numerical aperture of 0.63, and post-exposure baking (PEB) 
was performed at 100° C. for 90 seconds. Then, the resultant 
structure was developed using 2.38 wt % of tetramethylam- 
monium hydroxide (TMAH) solution, resulting in a photo- 
resist pattern having a plurality of openings with an opening 
size of 0.35 //m (1:2 pitch). 

The wafer on which the photoresist pattern had been 
formed was heated at 150° C. for 120 seconds to induce 
thermal flow of the photoresist pattern. The wafer was 
thereafter cooled to room temperature, to form a modified 
photoresist pattern having a plurality of contact holes with 
an opening size of 0.3 [mi. 

EXAMPLE 5 

0.06 g of BPO as a free radical initiator and 2 mg of 
N,N'-diethylaniline as an organic base were added to 10 gms 
of the i-line resist solution ip-3300, commercially available 
from Tokyo Ohka Kogyo Co. These compounds and com- 
pletely dissolved, resulting in a resist composition. The 
mixture was filtered through a 0.2 membrane filter. The 
resist composition was then coated on a silicon wafer treated 
with HMDS to a thickness of about 0.7 jum. 

Soft baking was carried out on the wafer coated with the 
resist composition at 100° C. for 90 seconds. The resultant 
structure was then exposed using an i-line stepper having a 
numerical aperture of 0.63, and PEB was performed at 100° 
C. for 90 seconds. Then, the resultant structure was devel- 
oped using 2.38 wt % of TMAH solution, resulting in a 
photoresist pattern having a plurality of openings having an 
opening size of 0.35 pan (1:2 pitch). 
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The wafer on which the photoresist pattern had been 
formed, was heated at 130° C. for 120 seconds to lead 
thermal flow of the photoresist pattern (first heating step) 
and cooled to room temperature. Then, the resultant struc- 

5 ture was heated for 120 seconds at 145° C. which is higher 
than the temperature in the first heating step, (second heating 
step). The structure was thereafter cooled to room 
temperature, resulting in a modified photoresist pattern 

10 having a plurality of contact holes with an opening size of 
0.3 /mi. 

EXAMPLE 6 

0.06 g of BPO was employed as a free radical initiator and 
15 was added to 10 gms of a DUV resist solution comprising 
acetal protected-polyhydroxystyrene resin, SEPR-430, com- 
mercially available from ShinEtsu Chemical Co. The con- 
tents were completely dissolved, and a resist composition 
resulted. The mixture was filtered through a 0.2 fim mem- 
20 brane filter. The resist composition was coated on a silicon 
wafer and treated with HMDS to a thickness of about 0.6 

A soft baking process was carried out on the wafer coated 
25 with the resist composition at 100° C. for 90 seconds. The 
resultant structure was exposed using a KrF stepper having 
a numerical aperture of 0.45, and PEB was performed at 
115° C. for 90 seconds. Then, the resultant structure was 
developed using 2.38 weight percent of TMAH solution, 
30 resulting in a photoresist pattern having a plurality of 
openings with an opening size of 0.30 //m (1:2 pitch). 

The wafer in which the photoresist pattern had been 
formed, was heated to 158° C. for 120 seconds to induce 
35 thermal flow of the photoresist pattern. The wafer was then 
cooled to room temperature, resulting in a modified photo- 
resist pattern having a plurality of contact holes with an 
opening size of 0.22 /ma. 

^ EXAMPLE 7 

0.06 g of BPO was employed as a free radical initiator and 
2 mg of N,N'-diethylaniline used as an organic base were 
added to 10 gms of the DUV resist solution, SEPR430, 
commercially available from ShinEtsu Co. The contents 

45 were completely dissolved, resulting in a resist composition. 
The mixture was filtered through a 0.2 /mi membrane filter. 
The resist composition was coated on a silicon wafer treated 
with HMDS to a thickness of about 0.6 nm. 

50 A photoresist pattern having a plurality of openings with 
an opening size of 0.30 //m (1:2 pitch) was formed on a 
wafer under the same conditions as in Example 6. Then, in 
order to induce thermal flow of the photoresist pattern, the 
wafer on which the photoresist pattern had been formed, was 

55 heated to 140° C, which is the glass transition temperature 
of the resist, for 120 seconds (first heating step) and cooled 
to room temperature. Then, the resultant structure was 
heated to 160° C. which is higher than the temperature in the 

60 first heating step, for 120 seconds (second heating step). The 
structure was thereafter cooled to room temperature, result- 
ing in a modified photoresist pattern having a plurality of 
contact holes with an opening size of 0.20 fim. 

EXAMPLE 8 

65 

0.06 g of cumyl peroxide as a free radical initiator was 
added to 10 gms of the DUV resist solution UV-III, com- 
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mercially available from Shipley Co. of Philadelphia, Pa. tion. The mixture was then filtered through a 0.2 fan 

The contents were completely dissolved, resulting in a resist membrane filter. Then, the resist composition was coated on 

composition. The mixture was filtered through a 0.2 um a silicon wafer and treated with HMDS such that a thickness 

membrane filter. The resist composition was coated on a of about 03 um. was achieved. 

silicon wafer treated with HMDS to a thickness of about 0.6 5 Soft baking was carried out on the wafer coated with the 

/*ni. resist composition at 130° C. for 90 seconds. The resultant 

Soft baking was carried out on the wafer coated with the structure was exposed using an ArF stepper having a 

resist composition at 130° C. for 90 seconds, and the numerical aperture of 0.60, and PEB was performed at 140° 

resultant structure was exposed using a KrF stepper having 10 C. for 90 seconds. Then, the resultant structure was devel- 

a numerical aperture of 0.45. PEB was thereafter performed oped using 0.14 weight percent of TMAH solution. A 

at 140° C. for 90 seconds. Then, the resultant structure was photoresist pattern resulted having a plurality of openings 

developed using 2.38 wt % of TMAH solution, resulting in with an opening size of 0.30 fan (1:2 pitch). The wafer in 

a photoresist pattern having a plurality of openings with an which the photoresist pattern had been formed was heated to 

opening size of 0.30 fan (1:2 pitch). 15 165° C. for 120 seconds to induce thermal flow of the 

Then, in order to control the thermal flow of the photo- photoresist pattern. The wafer was then cooled to room 

resist pattern, the wafer on which the photoresist pattern had temperature, resulting in a modified photoresist pattern 

been formed was heated to 142° C, for 120 seconds (first havin g a plurality of contact holes with an opening size of 

heating step). This temperature is close to the glass transition 20 0.20 fan, 

temperature of the resist. The wafer was thereafter cooled to EXAMPLE 11 

room temperature. Then, the resultant structure was heated A , , „ 

to 160° C. which is higher than the temperature in the first ™* * of * PO was M a free radical miUator was 

heating step, for 120 seconds (second heating step). The added to 10 ^ of ^ l ' lm * resist 5011111011 ip - 3300 ' 

. 8 I' / , ! rr " 25 commercially available from Tokyo Ohka Kogyo Co. The 

wafer was thereafter cooled to room temperature, resulting . 7 J , , . . 

j ./> « , . . - . ii* c mixture was completely dissolved, resulting in a resist 

in a modified photoresist pattern having a plurality of . . „, , , , 

. . . , ... . . frt . n composition. The mixture was filtered through a 0.2 um 

contact holes with an opening size of 0.20 fan. \ m . . , 

membrane filter. The resist composition was coated on a 

EXAMPLE 9 30 s^ 0011 wafer treated with hexamethyldisilazane (HMDS) to 

a thickness of about 0.7 fan. 

0.06 g of tert-butyl peroxide as a free radical initiator was Soft fa ^ ^ on ^ wafer ^ ^ 

added to 10 gms of Uie DUV resist solution UV-III, com- ^ ^ at 100 c c for 90 seconds> the resultant 

mercially available from the Shipley Chemical Co. The , . . ,_ 

; V , " " F y , . . . structure was exposed using an l-hne stepper having a 

contents were completely dissolved resulting in a resist 35 numer j ca i aperture of 0.63, and PEB was performed at 100° 

composition The mixture was filtered through a 0 2 |«m Q fof 9Q ^ ^ resultan( structufe was devel . 

membrane filter. The resist composition was coated on a , ^ ~ 0 . m c . . 4 , , • „ u , . . 

^ - . , „ , oped using 2.38 wt % of tetramethylammomum hydroxide 

silicon wafer treated with HMDS to a thickness of about 0.6 mjrAm , .. 1# . . . 

(TMAH) solution, resulting in a photoresist pattern having 

^ tca ' a plurality of openings with an opening size of 0.35 fan (1:2 

A photoresist pattern having a plurality of openings with pitch), 

an opening size of 0.30 fim (1:2 pitch) was formed on a Tfae wafer on whidj ^ photoresist pattem had ^en 

wafer under the same conditions as in Example 8. Then, in formed was heated a{ 15Q o Q fof 12Q ^ to induce 

order to control the thermal flow of the photoresist pattern, thermal flQW of ^ hotoresist pattern . A modified photo . 

the wafer on which the photoresist pattem had been formed 4S resist ^ resuUed haviQg a plurality of contact holes 

was heated to 145° C. for 120 seconds (first heating step), ^ an opeaiDg size of 0 3 
which is close to the glass transition temperature of the 

resist. The wafer was thereafter cooled to room temperature. EXAMPLE 12 

Then, the resultant structure was heated to 160° C. which 0.06 g of BPO was employed as a free radical initiator and 

was higher than the temperature in the first heating step, for 50 2 mg of N^N'-diethylaniline used as an organic base were 

120 seconds (second heating step). The structure is there- added to 10 gms of the DUV resist solution, SEPR430, 

after cooled to room temperature. A modified photoresist commercially available from ShinEtsu Co. The contents 

pattern having a plurality of contact holes with an opening were completely dissolved, resulting in a resist composition, 

size of 0.20 um was formed. 55 The mixture was filtered through a 0.2 fan membrane filter. 

The resist composition was coated on a silicon wafer treated 
EXAMPLE 10 HMDS to a thickness of about 0.6 fan. 
1.0 g of poly(methyl methacrylate 30 -t-butyl A photoresist pattern having a plurality of openings with 
methacrylate 40 -methacrylic acid 30 ) (weight average an opening size of 0.30 fan (1:2 pitch) was formed on a 
molecular weight- 13,500) and 0.02 g of triphenylsulfonium 60 wafer under the same conditions as in Example 6. Then, in 
nonaflate as a photo acid generator were dissolved in pro- order to induce thermal flow of the photoresist pattern, the 
pylene glycol monomethyl ether acetate (PGMEA) to pre- wafer on which the photoresist pattern had been formed was 
pare a resist solution. 0.06 g of tert-butyl peroxide as a free heated to 160° C. for 120 seconds. The structure was 
radical initiator and 2 mg of N,N'-diethylaniline as an 65 thereafter cooled to room temperature, resulting in a modi- 
organic base were then added to the resist solution and fied photoresist pattern having a plurality of contact holes 
completely dissolved therein, resulting in a resist composi- with an opening size of 0.20 fan. 
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EXAMPLE 13 



16 



0.06 g of cumyl peroxide as a free radical initiator was 
added to 10 gms of the DUV resist solution UV-III, com- 
mercially available from Shipley Co. of Philadelphia, Pa. 5 
The contents were completely dissolved, resulting in a resist 
composition. The mixture was filtered through a 0.2 fxm 
membrane filter. The resist composition was coated on a 
silicon wafer treated with HMDS to a thickness of about 0.6 



10 



20 



Soft baking was carried out on the wafer coated with the 
resist composition at 130° C. for 90 seconds, and the 
resultant structure was exposed using a KrF stepper having 
a numerical aperture of 0.45. PEB was thereafter performed ^ 
at 140° C. for 90 seconds. Then, the resultant structure was 
developed using 2.38 wt % of TMAH solution, resulting in 
a photoresist pattern having a plurality of openings with an 
opening size of 0.30 /«n (1:2 pitch). 

Then, in order to control the thermal flow of the photo- 
resist pattern, the wafer on which the photoresist pattern had 
been formed was heated to 155° C. for 120 seconds. The 
wafer was thereafter cooled to room temperature, resulting 
in a modified photoresist pattern having a plurality of 25 
contact holes with an opening size of 0.20 fim. 

EXAMPLE 14 

0.06 g of tert-buty 1 peroxide as a free radical initiator was 
added to 10 gms of the DUV resist solution UV-III, com- 30 
mercially available from the Shipley Chemical Co. The 
contents were completely dissolved resulting in a resist 
composition. The mixture was filtered through a 0.2 fxm 
membrane filter. The resist composition was coated on a 35 
silicon wafer treated with HMDS to a thickness of about 0.6 
/an. 

A photoresist pattern having a plurality of openings with 
an opening size of 0.30 fan (1:2 pitch) was formed on a 
wafer under the same conditions as in Example 13. Then, in 40 
order to induce the thermal flow of the photoresist pattern, 
the wafer on which the photoresist pattern had been formed 
is heated to 158° C. for 120 seconds. The structure is 
thereafter cooled to room temperature. A modified photore- 45 
sist pattern having a plurality of contact holes with an 
opening size of 0.20 fan was formed. 

The resist composition according to the present invention 
may be formed by mixing the at least one compound present 
in a solution with a crosslinking agent, selected according to 
the type of at least one compound contained in the resist 
composition (e.g., solution). The crosslinking agent prefer- 
ably causes an appropriate crosslinking reaction at a tem- 
perature allowing for thermal flow of the photoresist pattern, 55 
without affecting performance of the resist composition. 
Therefore, when contact holes are formed in a semiconduc- 
tor substrate using the resist composition by the method 
according to the present invention, the flow rate of the resist 
composition in the photoresist pattern can be more easily 60 
controlled with minimal distortion of the vertical profile of 
the photoresist pattern. 

Therefore, even after the thermal flow occurs, the overall 
flow rate of the photoresist pattern can be more uniformly 65 
controlled, so that distortion of the profile of the contact 
holes at the side walls can be minimized. A vertical side wall 
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profile may be thus maintained. By employing the method 
for forming a fine pattern according to the present invention, 
it is possible to obtain a photoresist pattern having fine 
openings which is beyond the capability of the general 
photolithography technology limited by the wavelength of 
the exposure light. 

While this invention has been particularly shown and 
described with reference to preferred embodiments thereof, 
it will be understood by those skilled in the art that various 
changes in form and details may be made therein without 
departing from the spirit and scope of the invention as 
defined by the appended claims. 

What is claimed: 

1. A method for forming a fine pattern in a semiconductor 
substrate, comprising the steps of: 

(a) coating a target layer to be etched on a semiconductor 
substrate with a resist composition, the resist compo- 
sition comprising at least one compound capable of 
forming a photoresist pattern by a photolithography 
process and a crosslinking agent capable of causing a 
partial crosslinking reaction in the resist composition at 
a temperature equal to or higher than the glass transi- 
tion temperature or the softening temperature of the at 
least one compound, wherein said coating step results 
in forming a resist compound layer comprising the 
resist composition; 

(b) performing a lithography process on the resist com- 
pound layer to form a photoresist pattern of at least one 
opening having a first width, where the target layer is 
exposed through the first width; and 

(c) heating the resist compound layer having the photo- 
resist pattern formed therein to a temperature equal to 
or higher than the glass transition temperature or the 
softening temperature of the at least one compound, 
and wherein a partial cross-linking reaction in the resist 
composition resulting in a modified photoresist pattern 
having at least one opening having a second width 
which exposes the target layer, wherein said second 
width is smaller than the first width, wherein said step 
of heating the resist compound layer comprises: 
heating the resist compound layer having the photore- 
sist pattern formed therein to a first temperature 
which is equal to or higher than the glass transition 
temperature or the softening temperature of the at 
least one compound; 

cooling the resist compound layer having the photore- 
sist pattern formed therein to room temperature; and 

heating the resist compound layer having the photore- 
sist pattern formed therein to a second temperature 
which is higher then the first temperature. 

2. The method of claim 1, wherein said step of heating the 
resist compound layer having the photoresist pattern formed 
therein comprises heating the resist compound layer having 
the photoresist pattern formed therein to a temperature equal 
to or higher than the glass transition temperature or the 
softening temperature of the at least one compound such that 
the resist compound layer flows. 

3. The method of claim 1, wherein the at least one opening 
having a first width comprises a plurality of openings. 

4. The method of claim 1, wherein the at least one opening 
having a second width comprises a plurality of openings. 
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5. The method of claim 1, further comprising: 15. The method of claim 14, wherein the vinylether 

cooling the resist compound layer having the photoresist derivative is represented by the formula: 

pattern formed therein; and 
heating the resist compound layer having the photoresist 
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pattern formed therein to the temperature equal to or whe rein x is an integer ranging from 2 to 4; and R is a C 2 

higher than the glass transition temperature or the to hydrocarbon or an ohgomer having a weight average 

softening temperature of the at least one compound; molecular weight ranging from about 500 to about 5000. 

wherein said cooling and heating steps occur subsequent The method of claim 1, wherein said crosslinking 

to said step of heating the resist compound layer having 30 agent ^ present in an amount from about 1 to about 20 

the photoresist pattern formed therein to a second pefcent based Qn me weight of polymer pfesent m ^ at 

< * mpCr S f i • 1 h • *h t f h .■ .h least one compound. 

6. The method of claim 1, wherein said step or heating the . » . 

A , u - *u u * •♦♦♦<■ a 17. The method of claim 1, wherein said crosslinking 

resist compound layer having the photoresist pattern formed . *7r 

therein to a temperature equal to or higher than the glass „ agent ? Selecte ^ fr ° m the « rou P «>ns,sung of 1,4-butandiol 

transition temperature or the softening temperature of the divmytether, tr<ettyleneglycopdivinylether, tnmetbyolpro- 

resist composition comprises heating the resist compound *™ ether « l^yclohexanedimethanol dtvmyl 

layer to a temperature that exceeds the glass transition ether ' and mlxtures hereof. 

temperature by a temperature ranging from about 5° C. to 18 The method of claim 1, wherein said crosslinking 

about 20° C 20 a S ent ^ a radical initiator. 

7. The method of claim 1, wherein said step of heating the 19 ^ method of claim 18 > wherein free radical 
resist compound layer having the photoresist pattern formed mitiator * P resent m M of from about 1 to about 15 
therein to a temperature equal to or higher than the glass P ercent based on me wei S ht of P 01 ^ P resent in said at 
transition temperature or the softening temperature of the 2 s leaSt ° ne com P ound * 

resist is carried out from about 60 to about 180 seconds. 20 ^ method of claim 18, wherein the resist compo- 

8. The method of claim 1, wherein said step of heating the sition comprises from about 3 to about 15 percent by weight 
resist compound layer is performed at a temperature of at of free radical initiator based on the weight of the solids 
least about 10° C. greater than the glass transition tempera- m the resist composition. 

ture or the softening temperature of the at least one com- 30 21 method of claim 18, wherein said free radical 

pound. initiator is selected from the group consisting of acyl 

9. The method of claim 1, wherein said step of heating the peroxides, alkyl peroxides, peresters, hydroperoxides, azo 
resist compound layer is performed at a temperature of from compounds, and mixtures thereof. 

about 130° C. to about 170° C. 35 22 - Th e method of claim 18, wherein said free radical 

10. The method of claim 1, wherein said step of heating initiator is selected from the group consisting of benzoyl 
the resist compound layer occurs from about 30 seconds to peroxide, dicumyl peroxide, di-tert-butyl peroxide, cumyl 
about 3 minutes. hydroperoxide, azobis (isobutyronitrile), and mixtures 

11. The method of claim 1, wherein said step of heating thereof. 

the resist compound layer is performed at a temperature of 40 23- The method of claim 1, wherein said resist composi- 

from about 130° C. to about 170° C. and from about 30 tion further comprises an organic base. 

seconds to about 3 minutes. 24. The method of claim 23, wherein the organic base is 

12. The method of claim 1, wherein said at least one present in an amount of from about 0.01 to about 2.0 percent 
compound is selected from the group consisting of a 45 by weight based on the at least one compound. 
Novolak resin, a diazonaphthoquinone compound, and mix- 25. The method of claim 23, wherein the organic base is 
tures thereof. one selected from the group consisting of N,N'- 

13. The method of claim 1, wherein said resist composi- dimethylaniline, N,N f -diethylaniline, triethylamine, 
tion is a chemically amplified resist composition comprising triisobutylamine, diethanolamine, triethanolamine, and mix- 
a photo acid generator. 50 tures thereof. 

14. The method of claim 1, wherein said crosslinking 

agent is a vinylether derivative. ***** 



